Abstract: For at least 50 years, determination of the trace element levels in human hair has been used to assess environmental and vocational exposure to toxic elements. As compared to other biological matrices (e.g. blood, urine), human hair is stable and therefore useful as a matrix. In this study, analyses of toxic and essential trace elements, such as Cd, Pb, Cu, and Fe were done in hair samples which we collected from male smokers (10 people) and non-smokers (10 people) who live in Diyarbakır, Turkey and concentrations in hair samples were compared. Hair samples were washed by a standard procedure proposed by the International Atomic Energy Agency. Then the samples were dried for 16 h at 110°C in an oven. Solubilization procedure was carried out by nitric acid-hydrogen peroxide mixture (3:1) in closed vessels in a microwave oven. Trace element analyses were carried out by using inductively coupled plasma-mass spectrometry (ICP-MS) technique. In this study, while concentrations of Cd, Pb, and Fe elements were found to be considerably higher in smokers than non-smokers, similar results were observed in Cu concentrations. The accuracy of the method was evaluated by applying spike method to samples. There was a good agreement between added and found analyte content. Analytical recovery values were determined between 91.2% and 104.6%. The values of R were found to be higher than 0.99.
INTRODUCTION
In recent years, the increasing environmental and vocational awareness of toxic elements has been seen. Being exposed to heavy metals can cause to poisoning and this fact can reveal significant threats to the human health and all living organisms (1) . The heavy metals are accumulated inside cells that can cause several pathological changes, affection or death in the case of excessive poisoning (1) .
Effect of environmental pollution on human health can be explained with some biological markers such as tooth, hair, and fingernail. Analyzing the hair samples taken from human ensured us the helpful information in order to analyze the changes in our bodies and it became successful in various applications. Analyzing the trace metals on hair samples has some advantages in comparison with the analyzing carried out by using blood or urine samples. The simplicity of matrix, presence of high concentration of trace elements, being collected, stored, and treated easily can be counted in the scope of mentioned advances of analyzing the trace metals on hair samples (2) . Furthermore, precious information regarding our medical condition, the implementation of certain drugs and diagnosis about various diseases can be provided by the hair analysis. Thus, human hair analyzing became a significant method for understanding any of quantitative alterations about the certain elements within the human body (2).
The heavy metals are absorbed by tobacco supposedly from the soil as the natural environment of it and from the fertilizers, or pesticides which are used to protect the plant. The alternative environmental effects that can create an impact on the removal of toxic elements by using the plant of tobacco that contains some substances as pH of the soil, and contaminated irrigated water and sewage sludge that is used as fertilizer.
Smoking the tobacco takes 87 kinds of organic carcinogens to the lungs as well as the toxic elements that can be parted during the smoke phase of combustion. Some metals [cadmium (Cd), nickel (Ni), and lead (Pb)] easily mix with blood stream and can accumulate within the body of particular organs as the kidney and liver (3) . There can be mentioned some studies which were notified on the great diversities about the toxic elements in the compositions of commercial tobacco products where smoking-related troubles have been tried to be connected with toxic elements arisen from the burning of tobacco (3, 4) .
Many different techniques such as graphite furnace atomic absorption spectrometry (GF-AAS) (5), flame atomic absorption spectrometry (F-AAS) (6), inductively coupled plasma optical emission spectrometry (ICP-OES) (7, 8) , inductively coupled plasma mass spectrometry ICP-MS (9, 10) and X-ray fluorescence spectrometry (XRF) (11) are used in determining the levels of trace elements. ICP-MS, being one of these techniques, is used effectively and widely because of its high sensitivity, accuracy, wide dynamic range in determining of multiple elements at trace levels.
The aim of this study was evaluating the trace toxic and nutrient elements concentrations in the hair of human groups consist of smokers and non-smokers living in urban parts of the city of Diyarbakır. Ten (10) smoker and ten (10) non-smoker male individuals were chosen as referents in order to perform a comparative study. Trace elements levels were determined by ICP-MS, prior to microwave acid digestion. The precision and accuracy of the method was evaluated by applying spike method to solutions.
MATERIALS and METHODS

Instrument
Agilent 7700X model ICP-MS was used for finding the trace elements within the hair samples. The operating conditions for this device are shown in Table 1 . The solubilization procedure of hair samples before the analysis was carried out in Milestone Start D brand microwave oven which has the PTFE vessels.
Reagents and Solution
18.2 MΩ deionized water was used in all experiments and also nitric acid (Merck) and hydrogen peroxide (Merck) were used in the procedure of solubilization. All used reagents were analytical grade. 6 Li, 45 Sc, 72 Ge, 115 In, and 
Analytical Methods
The amount about 0.2 g from each of dried hair samples was weighed and concentrated nitric acid (6 mL) and hydrogen peroxide (2 mL) at analytical purity were added (3:1 ratio) and it was made soluble in the microwave oven system. Afterwards, it was taken to the volumetric containers and last volumes of it were completed until 15 mL with deionized water. The samples were stored in refrigerator until the measurement was carried out. The trace elements measurements were carried out with the method of ICP-
MS.
Method Validation
Known amounts of the analytes were spiked to the solutions in order to evaluate the accuracy of the method. The results are given in Table 2 . Good agreement was obtained between added and found analyte contents using the recommended procedure and recovery values were between 91.2 and 104.6 percent, which is within expected ICP-MS performance. 
Analytical Figures of Merit
The quantitation of the analytes was performed by using the calibration curve method for each analyte, the calibration curves were prepared from the standard solutions of the analytes. The correlation coefficients were obtained at least 0.9993. The limits of detection (LOD=3s) and limits of quantification (LOQ=10s) for four metals were also calculated by analyzing 3 blank solutions. The linear range of calibration graph drawn under the optimized conditions functioning for four elements and values of R, LOQ and LOD are shown in Table 3 . 
RESULTS and DISCUSSION
The metal analysis results of smokers and non-smokers hair samples are given in Figure   1 Mean values of the metal analysis of smokers and non-smokers hair samples are given in Table 4 . Cadmium is one of very scarce metals within the soil as in the atmosphere. Cadmium enters the body through respiration and digestion. 15-30% of cadmium taken through respiration is absorbed. One of the most important cadmium sources is cigarette, in a single of which there is 1-2 µg of cadmium. 10% of this amount (0.1-0.2 µg) is taken through inhalation. Besides, cadmium is also present in the inhaled environmental atmosphere (13) . Cadmium is able to affect kidney, lung, and gastrointestinal system.
Long-term low-dose Cd exposure leads to bone loss. Low birth weight, skeletal abnormalities, behavioral and learning problems were observed in animals exposed to Cd during the prenatal period. It was observed in animal testing that Cd exposure during pregnancy period affected mostly the nervous system (14, 15) . Hair is one of the tissues,
where heavy metals such as cadmium are removed out of the body (16, 17) . The differences were found significant while the cadmium levels in collected hair samples were compared between smokers and non-smokers in this study. Mean Cd levels of male smokers (0.140 μg/g) were found to be nearly 4 times higher than those of non-smokers (0.037 μg/g) as seen in Table 4 . Sukumar and Subramanian found that the amount of Cd (1.7 µg/g) in the hair samples of smokers was higher than that of non-smokers (0.5 µg/ g) (18). Özden et al. found Cd level of hair high in children whose schools are near the main street and live in centrally heated houses. Furthermore, as the number of smokers in the house increases, they stated that the rate of determination of Cd level in hair increased, too (19) . It was emphasized that the external environment activities, the season and the Cd amount in potable water are important exogenic sources determining the Cd level of hair (14, 20) .
Lead is an element existing naturally in nature. An important part of lead in the body is taken by means of foods. Potable water, old houses, and smoking may lead to exposure to toxic lead. While the lead enters into the body, it mixes with blood stream and starts entering into bone tissues, soft tissues, and the brain (21, 22) . Exposure to excessive lead reveals itself with lead poisoning. As symptoms, diagnosis is established with weakness, tiredness, stomachache, anaemia, and sensitiveness. Lead poisoning affects functions of central nervous system in children more (22) . It was found in this study that the mean level of Pb (1.85 μg/g) accumulating in hair of smokers was 2.5 times more than mean level of Pb (0.79 μg/g) in hair of non-smokers (Table 4 ). Many studies, by supporting our study, show that Pb amount in hair samples of smokers is higher than that of non-smokers (19, 23, 24) . In a study done on smoker mothers by Serdar et al. Iron is an essential trace element which exists in especially the structure of red blood cells in the human organism and is important in terms of being a functional part of hemoglobin. Besides, iron is a vital mineral present in the myoglobin of muscles, the cytochrome, peroxidase, and catalase systems. Iron has important tasks in terms of biochemical reactions especially in terms of respiratory system (22) .
Copper is an important element nutritionally and in terms of toxicity (23) . The copper is the basic component of hair, skin flexible parts, bone and some internal organs as well as being important in terms of bodily functions. Copper, which is present by average 50-120 mg in adult people, is essential element of reactions of amino acids, fatty acids and vitamins in metabolism under normal conditions. Copper, which exists in the structure of many enzymes and proteins, takes on a task of activator for iron to carry out its functions. In the event of copper deficiency, abnormalities, anemia, bone problems, and nervous system disorders were detected in animals (27) .
Metals tied to enzymes such as Cu and Fe exist in tissues with high rates (28) . In this study, these elements were also found in high concentrations in hair samples as seen in 
CONCLUSIONS
In this study, while the concentrations of toxic trace elements (Cd, Pb) and essential element (Fe) were found to be considerably higher in smokers than non-smokers, Cu which is nutritionally and toxicologically important element concentration was found similar. Applying spike method to samples assured the accuracy of the method. Good agreement was obtained between added and found analyte contents using the recommended procedure. Recovery values were between 91.2% and 104.6%, thus it is possible to conclude that no analyte loss and no contamination were occured during the whole procedure. The value of R to be bigger than 0.99 was evaluated as " the linearity of acceptability". The analyte contents in the hair samples were clearly higher than the detection limits observed.
